Since the oxidation of the methyl radical also produces odd oxygen, both the organic and nitrogen containing photoproducts will affect the ozone budget.
In this work we have investigated NO2 production from the photolysis of PAN at 248 run. The NO2 was detected by laserinduced fluorescence (LIF). By comparison to the NO2 production from the photolysis of HNO3 under identical experimental conditions, we have obtained a relative quantum yield for the production of NO2. The implications of these results for atmospheric PAN chemistry will be discussed.
Experimental Section
A schematic of the experimental apparatus is shown in Figure   1 . The probe laser was operating at 10 kHz, and the LIF signal is clearly seen above the more rapidly decaying background noise, which originates from cell and filter fluorescence induced by the excimer laser.
The background noise was removed from the data, and the residual LIF signal from the probe laser is shown in Figure 2B . The line in Figure 2B Under otherwise identical experimental conditions, the loss rates of the LIF signals generated from PAN and HNO3 were the same. This is illustrated in Figure 3A , where all sources of background signal have been removed from the data. In order to determine the relative production of NOv from each of the precursors, absolute signals from each, at set delays between pump and probe pulses, were ratio•d, as shown in Figure 3B , and an average of these independent values yielded the relative yield of NO2. Figure  2A . The slope of the solid line is proportional to _bpAr_.The value obtained from this plot for the quantum yield is 0.84 + 0.09, where the error is two standard deviations in data precision.
was utilized in order to determine the quantum yield of NO2 production from PAN photolysis. quantities are plotted against one another, the slope is proportional to the relative quantum yield. An example of this analysis is shown is Figure 4 , where each data point was obtained by the analysis illustrated in Figure 3 . In order to convert this slope into a relative quantum yield, the optical cross sections of each precursor at both the photolysis and, in the present case, absorption wavelengths must be known. LIF signals were observed at sufficiently long times following the excimer pulse that the all the NO2 produced from both HNO3 and PAN photolysis was fully vibrationally relaxed.
Plots of the type shown in Figure 4 generally showed small y-intercepts. Although eq 9 suggests that the y-intercepts should be zero, leastsquares slopes were used to derive the quantum yields because the intercepts were randomly distributed and the contribution of the nonzero intercepts to the uncertainty were negligible compared with the random error.
Uncertainty
Analysis. (2p_ot o = 248 rim) where the uncertainty is 2 standard deviations in the average of the three data sets and the subscripts abs and photo refer to the absorption and photolysis wavelength, respectively. In the present studies the initial precursor concentrations were obtained by measuring the optical absorbance at a particular absorption wavelength, A(2._) , i.e.,
where L is the cell path length. Replacing the concentration terms in eq 9 with the actual observable, the absorbance, yields 
Because the same absorption cell was employed in the measurement of the absorbance of each precursor, the cell path length cancels out of the expression. , 3b, or 3c) . Although the present data cannot unambiguously resolve which of these channels give rise to the NO2, we consider channels la and 4a, where one and two bonds are broken, respectively, to be the most likely photolysis pathways.
Both la and 4a are expected to produce the same atmospheric effect, because the acetyl radical produced in 4a will rapidly recombine with molecular oxygen to form peroxy acetyl radical which is the organic product of la. Moreover, the formation of NO2 as the nitrogen-containing pliotoproduct of these reaction channels represents a net chemical null cycle for PAN. Consequently, the major role of PAN in the stratosphere and upper troposphere is as a long range transport vehicle for NO2.
We consider other NO2 forming mechanisms to be unlikely. Production of NO2 from the secondary dissociation of the NO3 product from channels 2 and 3 requires that the NO3 be substantially internally excited. This requirement is not simultaneously compatible with our finding that the NO2. product from PAN photolysis at 248 nm contains a significant amount of internal energy. In order for the NO, to be electronically excited, as is observed, it must have energy" in excess of approximately 10 000 cm-I. 3°The lower limit of the total energy necessary to form electronically excited NO2 by channels 2b and 3b is 105 kcal/mol and 97.8 kcal/mol, respectively. Since the energy of the 248 tam photon is 115.3 kcal/moi, this leaves less than 20 kcal/mol of energy available for internal excitation of the other photoproducts and for product translational energy.
An investigation of the photolysis of methyl nitrate at 248 rim, a molecule similar to PAN, has shown that an average of 23 kcal/mol is deposited into product translational energy and between 47 to 72 kcal/mol of energy is in the internal energy of the photoproducts. 43 Similar energy disposal was observed in the photolysis of chlorine nitrate, another closely related molecule. 4-' On the basis of these results we conclude on energetic grounds that the NO2 is being produced directly from either channel l a or 4a and NO, production from secondary dissociation of NO3 is highly unlikely.
